Drought is one of the limiting factors for the growth and yield of coffee plants. Drought due to long dry season has caused many losses for coffee plantations. This study aimed to evaluate the response of four Robusta coffee clones to drought stress at seedling stage and determine the best clone with high tolerance to drought. The study was conducted in Indonesian Coffee and Cocoa Reseach Institute (ICCRI) Jember, East Java in November 2018-Mei 2019. The experimental design used a Randomized Block Design (RCBD) with two factors. The first factor has consisted of five levels drought through providing volume watering based coefficient and evaporation value of free water surface (Eo), namely: 0.5 Eo; 1.0 Eo; 1.5 Eo; 2.0 Eo; 2.5 Eo (control). The second factor has consisted of four Robusta coffee clones, namely: BP 409 (drought tolerant clone); BP 308; BP 939 and BP 358 (vulnerable to drought stres). The result showed that reduction in the volume of watering from 2.5 Eo until 0.5 Eo causes drought, reduce coffee growth linearly. Clone BP 409 and BP 939 had better tolerance of drought stress compared with BP 308 and BP 358. The anatomical adaptation of leaves of BP 409 to drought stress was by thickening of wax layer and palisade tissue. BP 939 thickened its leaves due to drought stress as a mechanism of adaptation to such condition.
INTRODUCTION
The long drought that once occurred in Indonesia had caused losses for coffee plantations including decreased production and death of young plants in former PT. Perkebunan XVIII and XXIII in 1982 . The decline in production that occurred in PTP XXIII due to long drought reached 34-68% with death rates ranged 5.4-7.5%. In 1991 in several coffee plantations in East Java a long dry season also occurred. The impact of the dry season in 1991 was quite heavy as revealed from a great number of coffee plants' canopies dried up, especially those of Robusta coffee in lowlands. Before 1982, the occurrence of long dry season recurred every 10 years and since 1982-1992 the cycle had become merely 5 years. However, in the last few years, the season becomes more unpredictable (Abdoellah, 1997) .
According to Salisbury & Ross (1995) , drought stress that occurs on plants can be interpreted as all changes in unfavorable environmental conditions that might reduce or destruct the growth or development of plants. Symptoms of damage to Robusta coffee due to drought stress in the field can be observed from the wilting and yellowing of leaves in the early stages and drying of leaves and branches (dieback) if drought PELITA PERKEBUNAN, Volume 35, Number 1, April 2019 Edition stress continues. As a result, the young flowers and fruits found in the branches also become dry that the production in the following years will be greatly reduced. If the drought is very heavy, the plants can die (Nur, 1992) . According to Dominghetti et al. (2016) , the groundwater field capacity below 74.6% can be dangerous for coffee seedlings which are resulted from somatic embryogenesis and cuttings. Anticipation to reduce the impact of drought stress has been carried out by coffee growers. The best solution is by watering or irrigation (Abdoellah, 1997) . Irrigation is easy to do in Indonesia but requires high costs, especially for land with less water. Another easy and efficient way to deal with the drought in Indonesia is by using tolerant clones to drought stress. King'oro et al. (2014) investigated the tolerance level of one type of Robusta coffee seedlings and nine types of Arabica coffee seedlings against drought. The results showed that there was a decrease in the number of leaves, number of internodes, plant height, percent of root biomass and crowns due to drought stress for all genotypes. It was also explained that the type of Arabica coffee seedlings Tall had better resistance to drought stress.
The results of Chemura et al.'s (2014) research showed that before the drought period the coffee plants produced the same biomass, but after the period of drought for 21 days there was a difference in biomass between the coffee clones tested. Furthermore, it was stated that root biomass was an important factor in determining coffee varieties which are tolerant of drought stress. Deeper root systems of tolerant clones make it possible to get greater access to water at the bottom and to maintain more favorable internal water status than drought-sensitive clones (Pinheiro et al., 2005; Achar et al., 2011) Another investigation conducted by Tesfaye et al. (2015) reported that the anatomy of Robusta coffee leaf adapted to drought stress conditions. The variables of leaf extension rate and specific area size (approach to calculating leaf thickness) are important indicators in the selection of tolerant genotypes to drought stress. According to Farooq et al. (2009) , smaller leaf area when plants are experiencing drought stress is a mechanism to reduce water loss to the environment from plant tissue. Similar to Robusta coffee, Melo et al. (2014) explain that modification of the upper epidermis and palisade tissue thickness are important variables for selection of Arabica coffee plants which are tolerant to drought stress. Batista et al. (2010) add that Arabica Bourbon Amarelo and Catimor have a good tolerance to drought stress due to their thicker cuticle and palisade tissue, larger bundle sheets and higher stomatal density. This causes the varieties to be more efficient in minimizing the rate of transpiration and increasing photosynthetic activity in drought stress conditions.
The agronomic/morphological approach is carried out to correlate the tolerance level of Robusta coffee to drought stress because of its easiness to apply (Anim-Kwampong & Adomako, 2010; Anim-Kwampong et al., 2011) . Silva et al. (2013) argue that combining morphological and physiological characteristics is useful for evaluating the success of the performance of coffee clones in response to drought stress at the nursery stage. The purpose of this research is to find out the growth response of Robusta coffee seedlings to drought stress at the seedling phase as well as to obtain Robusta coffee clones that have tolerance to drought stress at the seedling phase and to know their tolerance mechanism.
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MATERIALS AND METHODS
The research was carried out at the Kaliwining Experiment Farm, the Indonesian Coffee and Cocoa Research Institute in Nogosari Village, Jenggawah District, Jember Regency, East Java Province. The research was conducted from November 2017 to May 2018. The materials were Robusta coffee seedlings from four-month-old cuttings. The clones used were BP 409 (drought-tolerant clone), BP 308, BP 939, and BP358 (clones prone to drought stress).
The experimental design used was a randomized block design with two factors. The first factor consisted of five levels of drought through providing volume watering based on the treatment coefficient and the evaporation value of the free water surface (Eo), namely: 0.5 Eo; 1.0 Eo; 1.5 Eo; 2.0 Eo; 2.5 Eo (control). The second factor consisted of 4 types of Robusta coffee clones, namely: BP 308; BP 358; BP 409; BP 939. There were total 20 treatment combinations were obtained, and each treatment combination was repeated 3 times. Thus, 60 experimental units were obtained. Each unit of experiment had 5 plants, hence the total number of plants were 300 plants. If the results of variance showed an effect on the F test with a level of  0. 05, then it was followed by the Duncan multiple range test (DMRT) and orthogonal polynomial test at the level of 5%. Besides, the calculations were performed using STAR 2.0.1 software.
The seeds were from cuttings of coffee plants consisting of four clones according to the treatment. These planting materials were taken from a 15-year-old production plantation located at the Kaliwining Experiment Farm in the Indonesian Coffee and Cocoa Research Institute. The method of propagating coffee plants was by using cuttings based on the technical guidelines for coffee plantations published by the Indonesian Coffee and Cocoa Research Center (Puslitkoka, 2006) . Seedling preparation was carried out for 4 months with the detail as follows: 3 months for growing roots in beds and 1 month for seed adaptation in polybags. Meanwhile, the planting media were soils that had been cleaned from gravels and rocks or other materials by sieving, then the soils were airdried until dry. After well-dried, the soils were put into the polybags with the same weight. The diameter and the height of the polybags after being filled with the planting media were measured in cm as data for determining the watering volume.
Further, the drought treatment was carried out by providing irrigation every 2 days with the volume according to the treatment. The irrigation volume was calculated based on the formula VI = E x A x Ko, where VI = volume of irrigation (cm 3 ), E = pan evaporation (cm), A = pot surface area (cm 2 ) and Ko = treatment coefficient (0.5, 1.0, 1.5, 2.0, 2.5). The pan evaporation was measured before irrigation. This evaporation value was gained based on the water balance, namely P = E + H. P, E, and H are respectively rainfall (mm), pan evaporation (mm) and changes in the height of the water in the pan (mm). The rainfall was equal to zero because this research was carried out in plastic houses (Sulistyono & Juliana, 2014; Sulisyono & Rianti, 2016) . The drought period for coffee seedlings was for three months or 90 days.
Observations were made on three sample plants per experiment unit, while the other two sample plants were for destructive observation. Parameter of plant morphology (plant height, stem diameter, number of leaf pairs) were observed every 2 weeks during the drought period whereas the parameters of the biomass and seedling root (wet weight, total dry weight, root length, root volume) and leaf anatomical parameters (stomatal density, leaf thickness, cuticle and palisade tissue thickness) were observed at the end of a drought period.
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RESULTS AND DISCUSSION

Seedling Growth
The results showed that drought significantly affected the growth of Robusta coffee seedlings. Reduction in the volume of watering from 2.5 Eo until 0.5 Eo causes drought, reduce coffee growth linearly. The growth response pattern from the height of Robusta coffee seedlings to the drought provision started to be seen in week 4. The response pattern formed followed the linear regressions. Similarly, it also occurred to the variables of stem diameter and number of leaf pairs. However, in the number of leaf pairs variable, the response pattern formed began to show in the tenth week after first d rought treatment (Table 1) 
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Reduction in the volume of watering from 2.5 Eo until 0.5 Eo causes drought, reduce coffee growth linearly. The response pattern of plant height due to drought treatment in week 4 after treatment follows the equation y = 1.5732x + 13.245 while the pattern started from week 12 after treatment follows the equation y = 5.1394x + 15.125. The results of these equations showed that in the 12 th week the effect of drought was stronger on the plant height variable. Stem diameter also showed the same growth pattern as plant height. The regression equation of stem diameter formed in week 4 after treatment is y = 0.16x + 3.06, and that in week 12 after treatment is y = 0.2911x + 3.3931. Furthermore, the regression equation formed for the variable of number of leaf pairs is y = 0.424x + 6.244. The regression equations show the response patterns of drought treatment to the growth variables (plant height, diameter, and number of leaf pairs). These equations can be used to predict the growth of Robusta coffee cuttings when given watering volume starting at 0.5 Eo-2.5 Eo from 0 up to 12 week after first drought treatment. The results of this research are in line with that of Mohammed et al. (2018) which state that drought stress for 28 days (4 weeks) causes a significant difference in the growth of Robusta coffee plants, and this could be seen more clearly in the variable of total dry weight of plants. Similar findings are also found in Arabica coffee seedlings, namely 21 days of drought stress causes significant differences in plant biomass accumulation (Chemura et al., 2014) .
Reduction in the volume of watering from 2.5 Eo until 0.5 Eo causes drought, reduce coffee growth linearly. According to Gardner et al. (1985) , the role of water for plant growth serves as the main constituent of plant tissues, solvent and medium for cell metabolic reactions, medium for transporting solutes, medium that provides turgor to plant cells, and as a raw material for photosynthesis, hydrolysis processes and other chemical reactions and evaporation water to cool the surface of the plant. When plants are in a lacking water condition, the growth process will be hampered. Drought stress affects the assimilation of plants by changing metabolic activity, inhibiting a series of metabolism or enzyme reactions, and changing the balance between parts of the metabolic system. This causes plants to reduce net photosynthesis because of increased stomatal diffusion. In addition, drought stress also decreases photorespiration, nitrate reductase and protein synthesis (Dinh et al. 2016; Sopandie 2013) . The decrease in physiological activities can be seen from the decrease in plant growth such as plant height, plant diameter, and also the number of leaf pairs. Omprakash et al. (2017) states that lack of water in mature plants will cause loss of crop yields.
The clones had an effect on plant growth. Clone BP 308 showed the best results compared to the other three clones when they were during weeks 0 to 12 after treatment. These results indicated that before drought treatment BP 308 showed a better growth rate than the three other clones. Therefore, in order to see the direct effect of drought treatment, a reduction was made between seedling growth when the seedlings were in weeks 12 and 0 after treatment. The results of growth showed that clone BP 409 had higher plants and more number of leaf pairs compared to the other three clones, whereas the plant diameter did not differ significantly among these four clones (Table 2) .
Drought had a significant effect on wet weight, dry weight and root length. The response patterns formed followed the linear regression equations while the root volume variable, the drought factor showed nonsignificantly different effect. The wet weight of the seeds got increased with the addition of water volume to 2.5 Eo. The equation formed from the results of this regression analysis is y = 4.0049x + 11,975. Dry weight also showed a similar response pattern to that of wet weight. The results of the regression equation formed from the dry weight variable due to differences in drought levels follow this equation: y = 1.2653x + 4.2183. Root length also got increased due to an increase in water volume levels. The equation formed from the results of this regression analysis is y = 1.535x + 20.318 (Table 3 ).
The results showed that clones had a significant effect on the variables of wet weight, dry weight and root volume. Clone 308 had higher values on wet weight, dry weight and root volume compared to the other three clones. The variables of wet weight, dry weight, and root volume were The numbers followed by the same letters in the same colums and variable show no significant using DMRT  5%; The number in the brackets indicate growth at 0 week after first treatment until n week after first treament.
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Better results of root biomass and clone BP 308 volume were accumulated of growth increment from the beginning of the cuttings until the end of the drought period or 7 months after planting (Table 4 ).
This result is in accordance with the research by Silva et al. (2013) that found that sufficient irrigation (field capacity) on Robusta coffee seedlings that can lead clones with high ability to use water show increased biomass, whilst when water condition is 66% of field capacity, there is a delay in the increase in biomass due to the use of water that was more conservative. The same thing happens to Arabica coffee seeds that experience Drought stress. The stress cause damage to the seeds. Damage that occurs has a correlation with the time of drought stress. In these conditions, Arabica coffee seedlings decrease biomass above and in the soil (Chen et al., 2015) . Deeper root systems of tolerant drought stress clones make it possible to get greater access to water at the bottom and to maintain more favorable internal water status than drought-sensitive clones (Pinheiro et al., 2005) .
Leaf Anatomy
The results also showed that drought had a significant effect on leaf thickness, palisade tissue thickness, and stomatal density. Leaf thickness showed the quadratic response pattern due to drought treatment, meaning that there was a maximum point due to the treatment. The quadratic equation formed for the leaf thickness variable is y = -7.1261x2 + 24.217x + 140.22 with maximum point in water volume of 1.7 Eo, while the variables of palisade tissue thickness and stomatal density showed a linear regression pattern (Table 5 ). Besides, the clones affected the leaf thickness and the palisade tissue thickness but did not significantly affect the wax layer The numbers followed by the same letters in the same colums show no significant using DMRT  5%.
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The interaction between drought and clones had a significant effect on leaf thickness, wax layer thickness and palisade tissue thickness. In drought of 0.5 Eo, the clones that had the thickest leaf was BP 939, followed by BP 308, BP 358, and BP 409. BP 939 responded to water deficit by thickening the leaves. BP 409 showed its thickest wax layer and palisade tissue in drought of 0.5 Eo. BP 409 responded to water deficit by thickening the wax layer and palisade tissue (Table 7) .
These research results are in line with that of Omprakash et al. (2017) which reveal that the plants which are tolerant to drought conducted a thorough change in the plant tissue, physiology and molecular level. The combination of these changes determines the ability of plants to withstand limited water conditions. Modifications made by tolerant plants include forming thicker parts of the leaves. The thicker leaves will store more water; the leaves will be narrower to reduce evaporation. In this research, it is identified that the tolerance mechanism of BP 939 to drought stress was by thickening the leaves when under drought condition of 0.5 Eo. Such modifications of leaf anatomy as thickening the mesophyll and epidermis and increasing stomatal density are functioned as a mechanism of adaptation to drought stress (Grisi, 2008; Melo et al., 2014) .
Wax layer is the outermost layer of the leaf which serves to protect the parts inside and to prevent water loss. Thicker wax layer is more effective at protecting plant parts inside and reducing water loss to the environment through leaves. In the wax layer there is a metabolism of plants in preventing water loss from leaves to the environment, but this still needs to be investigated further (Jetter & Riederer, 2016) . BP 409 responded to water deficit by thickening the wax layer to reduce water loss from plant tissue. Table 7 . Interaction between the level of drought and clones on leaf anatomy at 12 weeks after first treatment Clone Volume of watering (Eo) 0.5 1.0 1.5 2.0 2.5 The numbers followed by the same letters in the same colums and variable show no significant using DMRT  5%.
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In addition, thicker palisade tissue is useful for plants for better vegetative growth because palisade tissue is the location of chlorophyll which functions to capture solar energy that plays an important role in photosynthesis. Thicker palisade tissue allows plants to have a higher amount of chlorophyll in order to optimize photosynthesis process. In seeds or plants which have not produced, the results of photosynthesis in the form of glucose or carbohydrates will be distributed throughout the plant through vascular tissue and be used for vegetative growth of plant. In this research, BP 409 responded to water deficit by thickening palisade tissue. Thick palisade tissue is positively correlated with plant height and total dry weight (Table 9) .
Stress Sensitivity Index
The results show that the clones BP 409 and BP 939 had lower stress sensitivity index values compared with clones BP 308 and BP 358. The lower the values of stress sensitivity index, the higher is the drought stress tolerance of seedlings. The variables used to measure the stress sensitivity index in this research is the plant height variable because this is one of the indicators used for seeds ready to be distributed (Table 8) . The number followedby the same letters in the same column shown no significant using DMRT  5 %.
Correlation among Variables
The results showed that there was a correlation among the variables of growth, biomass, roots and leaf anatomy. Seed height correlated with the number of leaf pairs, root length, palisade and tissue stomatal density with the correlation coefficient of 0.33, 0.27, 0.31, 046 and -0.26 respectively. Positive correlation values indicate that these variables have a linear growth while negative correlation value indicates that the variables correlated have opposite growth values. For example, the seed height variable was negatively correlated with stomatal density, meaning that higher seedling height was associated with lower stomata. Correlation coefficient describes the level of relationship between two correlated variables, and it ranges from 0 to 1. In other words, the higher the correlation coefficient, the stronger is the relationship. There were other variables that correlated with each other in this research. First, root length was positively correlated with total dry weight with the correlation coefficient of 0.3 and negatively correlated with stomatal density with the correlation coefficient of 0.37. Second, root volume was positively correlated with total dry weight with the correlation coefficient of 0.63. Total dry weight was also positively correlated with palisade tissue thickness with the correlation coefficient of 0.29 (Table 9 ).
Seedling height and total dry weight of plants are important growth variables for determining tolerance of plants to drought stress. In this research, it can be seen that root length and thickness of palisade tissue can be a determinant of plant height that can be reached. The drought treatment of 0.5 Eo was a treatment that caused the Robusta coffee seedlings under severe drought stress conditions, identified from the lower growth of Robusta coffee seeds compared with other treatments. Maintaining the status of water remains high in the tissues is one mechanism of plants to survive in drought stress.
CONCLUSIONS
Reduction in the volume of watering from 2.5 Eo until 0.5 Eo causes drought, reduce coffee growth linearly. Clone BP 409 and BP 939 had better tolerance of drought stress compared with BP 308 and BP 358. The anatomical adaptation of leaves of BP 409 to drought stress was by thickening of wax layer and palisade tissue. BP 939 thickened its leaves due to drought stress as a mechanism of adaptation to such condition.
